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,QWURGXFWLRQ
7KHUHDUHXQLTXHFKDOOHQJHVZKHQ OLIWLQJKHDY\ZDOO UHDFWRUVRQWR WKHLU IRXQGDWLRQV  WRQ UHDFWRUV
VLPLODUWRWKDWVKRZQLQ)LJDDQGEDUHFRPPRQ/DUJHGLDPHWHUYHVVHOVPHWHUVZLWKWKLQQHU
PPZDOOVVXFKDVFRNHGUXPVIUDFWLRQDWRUV)&&8UHJHQHUDWRUVDQGWKHOLNHDUHDOVRFRPPRQ+RZHYHUERWK
WKH WKLFNZDOO DQG ODUJHGLDPHWHU WKLQZDOO YHVVHOVSUHVHQW WKHLURZQXQLTXH FKDOOHQJHV IRU HUHFWLRQ DQGPXVWEH
JLYHQGXHFRQVLGHUDWLRQLQWKHLUGHVLJQIRUDVDIHDQGHFRQRPLFDOOLIWVROXWLRQ,QWKH86$60(%³%HORZ
WKH+RRN/LIWLQJ'HYLFHV´ >@ DQG$60(%7+ ³'HVLJQRI%HORZWKH+RRN/LIWLQJ'HYLFHV´ >@PDQGDWH WKH
UXOHVUHODWHGWRWKHLPSOHPHQWDWLRQDQGGHVLJQRIYHVVHOOLIWLQJOXJV,QWKHLQLWLDOSLFNRIDYHVVHOIURPLWVKRUL]RQWDO
SRVLWLRQ WR LWV YHUWLFDO SRVLWLRQ WZR FUDQHV DUH QRUPDOO\ XVHG QDPHO\ D WRSKHDG FUDQH DQG D WDLOLQJ FUDQH7KH
DWWDFKPHQWV WR WKHYHVVHOPXVW EHSURSHUO\ VHOHFWHG IRU HDFK OLIW7KH VWUHVVHVJHQHUDWHG LQ WKH OLIWLQJGHYLFH DQG
HTXLSPHQWPXVWEHHYDOXDWHGIRUWKHLPSRVHGUHDFWLRQVIRUWKHHQWLUHOLIWLQJSURFHVV7KHYHVVHOGHVLJQHUPXVWZRUN
FORVHO\ZLWK WKHSURMHFW ULJJLQJHQJLQHHU LQUHJDUG WR WKHW\SHVRIULJJLQJHTXLSPHQWDQGFRPSRQHQWV WKDWZLOOEH
XVHGVXFKDVVOLQJVVKDFNOHVHWF/LIWLQJGHYLFHVFDQEHEURNHQGRZQLQWREDVLFFDWHJRULHVZHOGHGDQGEROWHG

  
 D E
)LJ6LGH0RXQWHG7RS/XJV


)LJ%RWWRP0RXQWHG6LGH/XJV
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:HOG2Q/LIWLQJ'HYLFHV
:HOGHG RQ OXJV DUH XVXDOO\ XVHG RQ WRZHUV DQG FROXPQV ZKHUH WKH FKRLFH RI OLIWLQJ OXJV LV QRW GLFWDWHG E\
RSHUDWLRQDOFRQGLWLRQVRUGHVLJQFRQGLWLRQV6HH)LJVDDQGE%DQG&IRUH[DPSOHVRIZHOGRQOLIW
GHYLFHV
2.1. Side Mounted Top or Bottom Lugs 
6LGHPRXQWHG OXJVDUH W\SLFDOO\FRQVWUXFWHGRI IODW UROOHGSODWHZHOGHG WR WKHXSSHURU ORZHUVKHOO VHFWLRQDQG
WKH\QRUPDOO\H[WHQGSDVW WKHHQGRI WKHHTXLSPHQW 6SUHDGHUEDUVDUH W\SLFDOO\XVHGWRHOLPLQDWHDQ\ZHDND[LV
EHQGLQJRIWKHIODWSODWH6LGHPRXQWHGOXJVWUDQVPLWWKHORDGWRWKHVKHOOWKURXJKVKHDUDQGD[LDOORDGLQJV/LWWOH
EHQGLQJ LV FUHDWHG LQ WKH VKHOO IRU WKLV W\SH RIZHOGHG OXJ DWWDFKPHQW 6HH )LJV D E	  IRU W\SLFDO VLGH
PRXQWHGOXJV
2.2. Skirt Tailing Lug 
6NLUWWDLOLQJOXJVDUHW\SLFDOO\DQLQWHJUDOSDUWRIWKHYHVVHOEDVHULQJ7KHOXJFDQEHLQVWDOOHGEHWZHHQWKHXSSHU
DQG ORZHU EDVH ULQJV RU FDQ EH SRVLWLRQHG DERYH WKH EDVH ULQJ RQ WKH VNLUW  (LWKHU VLQJOH OXJ RU GXDO OXJV DUH
SURYLGHGEDVHGRQWKHUHVXOWVSURYLGHGE\WKHVNLUWEDVHULQJDQDO\VLV6HH)LJ
2.3. Top or Bottom Trunnions  
7UXQQLRQVF\OLQGULFDOFRPSRQHQWVDWWDFKHGWRWKHRXWVLGHRIWKHYHVVHOVKHOODVLQGLFDWHGLQ)LJVDQG%FDQ
EHHLWKHUXVHG IRU WKH WRSRUERWWRPSLFNSRLQWV 7UXQQLRQVDUHXVXDOO\HPSOR\HGRQ ODUJHGLDPHWHU WKLQQHUZDOO
YHVVHOVZLWKVLJQLILFDQW OLIW ORDGV VXFKDVFRNHGUXPVDQG)&&8UHDFWRUV7\SLFDOO\ WUXQQLRQV IRU ODUJHGLDPHWHU
YHVVHOVDUHLQWKHUDQJHRIPPWRPPLQGLDPHWHU6LPLODUWRWKHZHOGHGRQKHDGOXJVDVSUHDGHUEDUDV
VKRZQLQ)LJLVW\SLFDOO\XVHGZLWKWKHWUXQQLRQVVRWKDWWKHOLIWORDGLVDSSOLHGYHUWLFDOO\RQHDFKWUXQQLRQ
%ROW2Q/LIWLQJ'HYLFHV
%ROWRQIODQJHOXJVDUHW\SLFDOO\XVHGRQYHVVHOVZKHUHWKHRSHUDWLQJFRQGLWLRQVPDNHOXJVRUWUXQQLRQVZHOGHGWR
WKHVKHOOXQGHVLUDEOH6HH$QQH[IRUDQH[DPSOHRIDQDQDO\VLVIRUWKHWRSKHDGQR]]OHDQGUHLQIRUFHPHQWIRUD
EROWRQOLIWLQJGHYLFH
3.1. Top or Bottom Flange Lug 
)ODQJHOXJVDUHW\SLFDOO\ZHOGHGWRDIODWEOLQGDQGEROWHGWRWKHWRSDQGERWWRPHTXLSPHQWIODQJH+HDY\ZDOO
YHVVHOVDUHSULPHFDQGLGDWHVIRUWRSIODQJHOXJVZKHUHWKHYHVVHOKHDGQR]]OHDQGIODQJHGLDPHWHUVDQGWKLFNQHVVHV
DUH VXIILFLHQW WR WDNH WKH ODUJH ORDGV GXULQJ WKH OLIWLQJ SURFHVVZLWKRXW UHTXLULQJ VLJQLILFDQWPRGLILFDWLRQV WR WKH
H[LVWLQJFRPSRQHQWV7\SLFDOH[DPSOHVDUHK\GURFUDFNLQJDQGK\GURWUHDWLQJUHDFWRUV,Q)LJDWKHWRSKHDGOXJV
XWLOL]HVDVLQJOHFHQWUDOOLIWHDUDQGLQ)LJEGRXEOHOLIWLQJHDUVZHOGHGWRWKHEROWRQOLIWLQJFRYHUZKLFKIRUPVWKH
EDVHRIWKHOLIWLQJOXJ7KHQXPEHURIOLIWLQJHDUVLVXVXDOO\PDQGDWHGE\WKHVL]HRIWKHOLIWLQJFRYHUWKHORDGEHLQJ
OLIWHGDQGWKHDYDLODEOHOLIWLQJHTXLSPHQW)LJLQGLFDWHVERWWRPIODQJHOXJVZHOGHGWRWKHERWWRPFRYHURIDFRNH
GUXP2QWKLVFRNHGUXPFDEOHJXLGHVDUHDOVRDWWDFKHGWRWKHEDVHSODWH
3.2. Bottom Lift Frame 
$ERWWRPOLIWIUDPHLVW\SLFDOO\EROWHGWRWKHEDVHSODWHDWWKHERWWRPRIWKHVNLUW%RWWRPOLIWIUDPHVFDQEHILWWHG
DQGUHXVHGIRUPXOWLSOHOLIWV6HH)LJIRUDW\SLFDOH[DPSOH

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  
 )LJ6NLUW7DLOLQJ/XJ )LJ7RS7UXQQLRQV

  
 D E
)LJD7RS)ODQJH/XJVE7RS)ODQJH/XJV

  
 )LJ%RWWRP)ODQJH/XJ )LJ%RWWRP/LIW)UDPH
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'HVLJQ&RQVLGHUDWLRQV
7KH FKRLFH RI WKH W\SH RI OLIWLQJ OXJ WR EH XVHG IRU WKH HUHFWLRQ RI D YHVVHO XVXDOO\ GHSHQGV RQPDQ\ IDFWRUV
LQFOXGLQJWKHW\SHRIYHVVHODPRXQWRIGUHVVRXWWKLFNQHVVGLDPHWHUZHLJKWVLWHFRQGLWLRQVDQGDYDLODEOHHUHFWLRQ
HTXLSPHQW7KHFKRLFHRIOXJPD\DOVREHEDVHGRQWKHOLPLWDWLRQVRIWKHYHVVHOGHVLJQLQFOXGLQJFRQVLGHUDWLRQRI
RSHUDWLQJWHPSHUDWXUHVSRVWZHOGKHDWWUHDWPHQWHQYLURQPHQWDOIDFWRUVF\FOLFVHUYLFHDQGPDWHULDOV(DFKW\SHRI
OLIWLQJOXJSUHVHQWVGLIIHUHQWFKDOOHQJHVUHJDUGLQJWKHLPSOHPHQWDWLRQRIDVDIHGHVLJQ
4.1. Welded On Devices – Advantages   
x 8QOLNHEROWRQOLIWLQJGHYLFHVORDGWHVWLQJLVQRWUHTXLUHGIRUWKHZHOGHGRQOXJV
x :HOGHGOLIWLQJOXJVFDQUHDGLO\EHGHVLJQHGIDEULFDWHGDQGLQVWDOOHGE\IDEULFDWRUV
4.2. Welded On Devices – Disadvantages  
x )RUYHVVHOVLQF\FOLFVHUYLFHRUFROGWHPSHUDWXUHVHUYLFHWKHOXJVKRXOGEHFRPSOHWHO\UHPRYHGDQGWKHZHOGHG
DUHDJURXQGVPRRWKIUHHRIDQ\VWUHVVULVHUVRUGHIHFWV
x )RUHOHYDWHGWHPSHUDWXUHVHUYLFHZHOGHGOXJVPD\DFWDVFRROLQJILQVWKHUHIRUHWKH\PXVWEHUHPRYHGSULRUWR
RSHUDWLRQ
x ,IWKHYHVVHOLVSRVWZHOGKHDWWUHDWHGWKHUHPRYDORIZHOGHGOXJVKDVWKHSRWHQWLDOWRGDPDJHWRWKHVKHOOZKLFKLV
GLIILFXOWWRUHSDLU
x )RUIUDFWXUHFULWLFDOHTXLSPHQWDZHOGHGOXJPD\SURYLGHDVRXUFHRIORFDOVWUHVVFRQFHQWUDWLRQDQGIODZV
6RPHVKHOOPDWHULDOVGLFWDWHWKHDPRXQWRISUHKHDWSULRUWRDQGGXULQJZHOGLQJWKDWPXVWEHFDUHIXOO\PDLQWDLQHG
7KLV FDQ EH GLIILFXOW DV OXJV DQG WUXQQLRQV DUH QRUPDOO\ ZHOGHG PDQXDOO\ 0DQ\ FKURPH PRO\ ZHOGV KDYH
H[SHULHQFHGFUDFNLQJUHVXOWLQJIURPLQFRUUHFWSUHKHDWDQGLQQXPHURXVFDVHVWKHVHKDYHRQO\EHHQIRXQGDIWHUWKH
ZHOGVKDYHEHHQUHPRYHGDQGWKHZHOGDUHDLQVSHFWHG
:KHQ UHPRYLQJ ZHOGHG RQ OLIWLQJ OXJV JUHDW FDUH PXVW EH WDNHQ ZKHQ FXWWLQJ RU JULQGLQJ QHDU WKH SUHVVXUH
ERXQGDU\VRWKDWWKHWKLFNQHVVUHTXLUHGIRUSUHVVXUHLVQRWUHPRYHG7KHUHPRYDOZLOOUHTXLUHDGMDFHQWSODWIRUPVRU
VFDIIROGLQJDQGZKHQWKHYHVVHOLVLQVXODWHGVXEVHTXHQWLQVXODWLRQLQVWDOODWLRQDIWHUGHYLFHUHPRYDO
4.3. Bolted On Devices – Advantages  
x $EROWRQGHYLFHFDQUHDGLO\EHUHPRYHGDQGWKHUHIRUHGRHVQRWLPSDFWWKHRSHUDWLRQRIWKHHTXLSPHQW
x 7KHIODQJHOXJVDOVRSURYLGHDVWXUG\FRYHUIRUVKLSSLQJDQGHOLPLQDWHVWKHQHHGWRFXWDQGRUJULQGRIIZHOGHG
OXJVRUWUXQQLRQV
x %ROWRQOLIWGHYLFHVFDQEHUHXVHGIRUPXOWLSOHOLIWV
4.4. Bolted On Devices – Disadvantages  
$VUHTXLUHGE\$60(%³%HORZWKHKRRN/LIWLQJ'HYLFHV´EROWRQGHYLFHVDUHUHTXLUHG WREH LQVSHFWHG
SULRUWRHDFKOLIWDQGPXVWEHORDGWHVWHGDWRIWKHUDWHGORDG%HFDXVHRIWKHPDJQLWXGHRIWKHORDGVWKHORDG
WHVWFDQEHGLIILFXOWWRDFKLHYHIRUKHDY\ZDOOHGYHVVHOV
:KHQOLIWLQJIURPDIODQJHWKHYHVVHODQGQR]]OHQHFNPD\QHHGWREHUHLQIRUFHGWRFDUU\UHVLVW WKHGHVLJQOLIW
ORDGV7KHVWUHVVHVPXVWEHHYDOXDWHGIRUWKHYDULRXVFRPELQDWLRQVRIWKHGHVLJQORDGDQGWKLVLVXVXDOO\FDUULHGRXW
E\)($RU E\PDQXDO FDOFXODWLRQV SHU:5& >@ DQG:5& >@  )RU WKLFN YHVVHOV VXFK DV WKRVH IRXQG
K\GURFUDFNLQJDQGK\GURWUHDWLQJUHDFWRUV WKHH[LVWLQJQR]]OHQHFNDQGKHDGWKLFNQHVVLVXVXDOO\VXIILFLHQWWRWDNH
VWUHVVHVJHQHUDWHGGXULQJ WKH OLIW)RU ODUJHUGLDPHWHU WKLQQHUZDOOYHVVHOV WKHQR]]OHQHFNPD\EH UHTXLUHG WREH
WKLFNHQHG DVZHOO DV XWLOL]LQJ D WKLFNHU FLUFXODU FHQWUDO KHDG LQVHUW SODWH 7KH LQVHUW SODWH WKLFNQHVVPD\ HQG XS
KDYLQJ WR EH VXEVWDQWLDOO\ WKLFNHU WKDQ WKH UHVW RI WKH KHDGSODWH:KHQ D WKLFNHU KHDGSODWH LV UHTXLUHG WKH\ DUH
QRUPDOO\VXSSOLHGZLWKDWDSHUDWWKHSHULSKHU\RIWKHLQVHUWSODWHWRPDWFKWKHKHDGWKLFNQHVV
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4.5. Skirt Stiffening  
:KHQXVLQJVNLUWWDLOLQJOXJVWKHVNLUWEDVHSODWHV\VWHPPXVWEHHYDOXDWHGIRUWKHOLIWORDGDQGLQPDQ\FDVHVWKH
VNLUWEDVHULQJZLOOPRVWOLNHO\UHTXLUHVWLIIHQLQJLQRUGHUWKDWWKHSLFNORDGGRHVQRWRYHUVWUHVVDQGGLVWRUWWKHVNLUW
7KH VNLUW DQG EDVH SODWH VWLIIHQLQJ PD\ DOVR EH DFKLHYHG ZLWK D EROW RQ GHYLFH  7\SLFDO VNLUW VWLIIHQLQJ
FRQILJXUDWLRQVDUHLQGLFDWHGLQ)LJ
4.6. Device Locations 
7KHORFDWLRQRIWKHOXJVRUWUXQQLRQVLVFULWLFDOZKHQGHWHUPLQLQJWKHVWUHVVHVLQWKHHTXLSPHQW,IWKHEHQGLQJ
VWUHVVHV LQ WKHFHQWHURI WKHYHVVHO DUH H[FHVVLYH LWPLJKWEHDGYDQWDJHRXV WRXVH WUXQQLRQVDQGPRYH WKH WRS OLIW
SRLQWGRZQRQWKHYHVVHORUPRYHWKHWDLOLQJOXJXS0RYLQJWKHWRSOLIWSRLQWGRZQZLOOKHOSUHGXFHWKHEHQGLQJ
VWUHVVLQWKHFHQWHURIWKHYHVVHO
)LJXUH  LQGLFDWHV  W\SLFDO EXW GLIIHUHQW W\SHV RI YHUWLFDO YHVVHOV ZLWK GLIIHUHQW OXJ ORFDWLRQV DQG WKH
FRUUHVSRQGLQJEHQGLQJPRPHQWVUHVXOWLQJIURPWKHORDGLQJVLPSRVHGGXULQJWKHRULJLQDOYHVVHOSLFN
4.7. On-Site Environmental Considerations 
$VZLWKDOOOLIWLQJOXJVFRQVLGHUDWLRQPXVWEHJLYHQWRWKHWLPLQJRIWKHOLIW/LIWVSHUIRUPHGGXULQJFROGVSHOOVRU
FROGFOLPDWHVPXVWDGGUHVVWKHSRWHQWLDOIRUDEULWWOHIUDFWXUHIDLOXUHGXULQJOLIW7\SLFDOO\DWRXJKPDWHULDOLVFKRVHQ
WRSUHYHQWEULWWOH IDFWXUH )RUFROGFOLPDWHV WKH OXJPD\EHSRVWZHOGKHDW WUHDWHG3:+7 WR ORZHU WKHUHVLGXDO
ZHOGLQJVWUHVVDQGEHIXOO\LQVSHFWHGWRPLQLPL]HWKHSUHVHQFHRIIODZV3:+7RIWKHDWWDFKPHQWZHOGVZLOODOVREH
UHTXLUHGIRUPDWHULDOVVXFKDV&U0RZKRVHWRXJKQHVVLVGHSHQGHQWXSRQUHFHLYLQJDGHTXDWHKHDWWUHDWPHQWDIWHU
ZHOGLQJDQGIRUZHOGVIRUZKLFK3:+7LVD&RGH5HTXLUHPHQW)RUDOOZHOGHGOXJVIXOOQRQGHVWUXFWLYHH[DPLQDWLRQ
1'(GXULQJIDEULFDWLRQDQGXSRQFRPSOHWLRQRI3:+7LVPDQGDWRU\IRUDVDIHOLIW
4.8. On-Site Weight Considerations 
:KHQHVWDEOLVKLQJWKHGHVLJQORDGVIRUDOLIWWKHILUVWVWHSLVWRHVWDEOLVKWKHZHLJKWRIWKHHTXLSPHQWWREHOLIWHG
,Q WKH SDVW WKLV XVXDOO\ PHDQW OLIWLQJ RI WKH YHVVHO ZLWKRXW DQ\ DGGLWLRQDO ZHLJKW GXH WR WKH LQWHUQDOV VXFK DV
SDFNLQJWUD\VVXSSRUWEHDPVRUH[WHUQDODWWDFKPHQWVVXFKDVLQVXODWLRQSLSHVXSSRUWVSODWIRUPVKRZHYHUWRGD\
GXHWRWKHKLJKFRVWDQGULVNRISHUIRUPLQJZRUNDWHOHYDWLRQYHVVHOVDUHW\SLFDOO\GUHVVHGRXWWRVRPHGHJUHH7KLV
KDVUHVXOWHGLQKLJKHUOLIWORDGVDWWKHMREVLWH
,QPDQ\FDVHVWKHZHLJKWRIWKHOLIWZLOOEHGHFLGHGE\WKHDYDLODEOHHTXLSPHQWDQGWKHDFFHVVDWWKHMREVLWH,Q
VRPH UDUH FDVHV WKH OLIW ZHLJKW OLPLWDWLRQ PD\ KDYH WR EH LQFOXGHG LQ WKH RULJLQDO GHVLJQ RI WKH HTXLSPHQW
'HSHQGLQJ RQ WKH PHWKRG RI FDOFXODWLRQ WKH OLIW ZHLJKW D ZHLJKW IDFWRU VKRXOG EH DSSOLHG WR DFFRXQW IRU WKH
DFFXUDF\RI WKHFDOFXODWLRQ7\SLFDOO\D WRIDFWRU LV DSSOLHG WR WKHZHLJKWEDVHGRQ WKH OLIWZHLJKW  ,I WKH
HTXLSPHQWLVZHLJKHGXVLQJORDGFHOOVSULRUWRDOLIWQROLIWIDFWRUQHHGVWREHDSSOLHG
4.9. On-Site Lift Considerations 
&DUHIXODWWHQWLRQPXVWEHSURYLGHGWRSRWHQWLDOLQWHUIHUHQFHZKHQYHVVHOVDUHGUHVVHGRXWRQWKHJURXQG3LSLQJ
SODWIRUPVDQGLQVXODWLRQPD\QHHGWREHOHIWRIIVRWKDWWKHUHLVQRLQWHUIHUHQFHZLWKULJJLQJHTXLSPHQWDQGFDEOHV
7\SLFDOO\ZLQGLVQRWDGHVLJQFRQVLGHUDWLRQGXULQJWKHOLIWEXWZLQGFRQGLWLRQVWKDWPD\EHHQFRXQWHUHGGXULQJ
OLIWLQJDQGZLQGFRQGLWLRQHIIHFWVVKRXOGEHFRQVLGHUHG1RUPDOO\DZLQGVSHHGOLPLWLVVHWDERYHZKLFKWKHOLIWRI
YHVVHOVZLOOQRWEHXQGHUWDNHQ7KHOLPLWLQJZLQGVSHHGPXVWEHHYDOXDWHGRQDFDVHE\FDVHEDVLVDQGW\SLFDOO\LV
VHWDWRUDURXQGNSKPSK

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

)LJ7\SLFDO%DVH5LQJ	/XJ$UUDQJHPHQWV



)LJ%HQGLQJ0RPHQW'LDJUDPVIRU'LIIHUHQW'HYLFH/RFDWLRQV
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$60(%7+&ODVV
$VLQGLFDWHGLQDFRPPHQWDU\RI$60(%7+³7KHVHOHFWLRQRI'HVLJQ&DWHJRULHVDQG6HUYLFH&ODVVHVDOORZ
WKHVWUHQJWKDQGXVHIXOOLIHRIWKHOLIWHUWREHPDWFKHGWRWKHQHHGVRIWKHXVHU$TXDOLILHGSHUVRQRUPDQXIDFWXUHU
PXVW DVVXUH WKDW WKH 'HVLJQ &DWHJRU\ DQG 6HUYLFH &ODVV VSHFLILHG IRU D SDUWLFXODU OLIWHU DUH DSSURSULDWH IRU WKH
LQWHQGHGXVHVRDVWRSURYLGHDGHVLJQZLWKDGHTXDWHVWUXFWXUDOUHOLDELOLW\DQGH[SHFWHGVHUYLFHOLIH´
1RUPDOO\ IRU WKH OLIW RI D YHUWLFDO YHVVHO WKH 'HVLJQ &DWHJRU\ ³$´ LV FRQVLGHUHG DQG WKH 6HUYLFH &ODVV LV
FRQVLGHUHGWREH³´+RZHYHULWLVWKHUHVSRQVLELOLW\RIWKHGHVLJQHUWRFRQILUPWKDWWKHOLIWLQJGHYLFHLVZLWKLQWKLV
FDWHJRU\DQGVHUYLFH&DWHJRU\$DVVXPHVWKHPDJQLWXGHRIWKHDSSOLHGORDGLVSUHGLFWDEOHDQGZKHUHWKHORDGLQJ
DQGHQYLURQPHQWDOFRQGLWLRQVDUHGHILQHGDQGDUHQRWVHYHUH6HUYLFH&ODVVDVVXPHVWKDWWKHORDGF\FOHVDUHOHVV
WKDQ  :KHUH DGYHUVH HQYLURQPHQWDO FRQGLWLRQV SUHYDLO WKH GHVLJQ FRQGLWLRQV PXVW EH HYDOXDWHG DQG
FRQVLGHUHGLQWKHGHVLJQ
)RUPRVWYHVVHOVZKLFKDUHD³RQHWLPHOLIW´DQGUHFHLYHDIXOOYLJRURXVHYDOXDWLRQRIWKHOLIWSURFHVVWKHVHOLIWV
DUH FRQVLGHUHG &DWHJRU\ ³$´ 7KLV FDWHJRU\ RQO\ DIIHFWV WKH GHVLJQ PDUJLQ DSSOLHG WR WKH EHORZ WKH KRRN OLIW
FRPSRQHQWVDQGVHOHFWLRQRIWKHLPSDFWIDFWRU
/XJDQGHTXLSPHQW'HVLJQFULWHULD
*UHDWFDUHPXVWEHWDNHQZKHQGHWHUPLQLQJWKHDFFHSWDELOLW\RIWKH³/LIWLQJ'HYLFH´DQGWKH³(TXLSPHQW´7KH
GHVLJQFULWHULDDQGOLPLWDWLRQVWKDWDUHXVHGIRUWKH/LIWLQJ'HYLFHDQG(TXLSPHQWDUHQRWWKHVDPH
6.1. Lug or Trunnion Design 
,QWKH86WKHGHVLJQRIWKHEHORZWKHKRRNFRPSRQHQWVVXFKDVWKHOXJLWVHOIZKHWKHULWLVDEROWRQOLIWLQJOXJ
DSDLURIZHOGHGOLIWLQJOXJVDSDLURIOLIWLQJWUXQQLRQVRUWDLOLQJOXJVLVEDVHGRQ$60(%%HORZWKH+RRN
/LIWLQJ 'HYLFHV $V FRPPHQWHG LQ WKH 6WDQGDUG ³$60( %7+ SURYLGHV WKH GHVLJQ UHTXLUHPHQWV IRU WKH OLIW
FRPSRQHQW $V VXFK %7+ VKRXOG EH XVHG LQ FRQMXQFWLRQ ZLWK $60( % ZKLFK DGGUHVVHV VDIHW\
UHTXLUHPHQWV7KHGHVLJQFULWHULDVHWIRUWKDUHPLQLPXPUHTXLUHPHQWVWKDWPD\EHLQFUHDVHGDWWKHGLVFUHWLRQRIWKH
TXDOLILHGGHVLJQHU´
&RPSRQHQWV PHHWLQJ WKH GHILQLWLRQ RI ³%HORZWKH +RRN /LIWLQJ 'HYLFHV´ DUH GHVLJQHG LQ DFFRUGDQFH ZLWK
$60( % DQG DOVR $60( %7+DQG WKHVH VWDQGDUGV DUH XVXDOO\ XVHG DV JXLGHV IRU WKH GHVLJQ RI OLIWLQJ
FRPSRQHQWVZKLFKGRQRWPHHWWKHGHILQLWLRQVRI³%HORZWKH+RRN/LIWLQJ'HYLFHV´+RZHYHUIRUWKHHUHFWLRQRI
YHUWLFDO YHVVHOV FRPSRQHQWV UHTXLUHG IRU WKH OLIW ZLOO QRUPDOO\ PHHW WKH GHILQLWLRQ IRU ³%HORZWKH +RRN /LIWLQJ
'HYLFHV´
)RUWKHEROWRQOLIWLQJOXJVWKHGHVLJQRIWKHOXJDQGLWVEROWLQJIRUFRQGLWLRQVRIEHQGLQJWHQVLOHORDGLQJIUDFWXUH
VKHDUWHDURXWDQGEHDULQJVWUHVVHVLQWKHOXJFRPSRQHQWVDQGDWWDFKPHQWZHOGVDUHFDUULHGRXWLQDFFRUGDQFHZLWK
WKHUXOHVRI$60(%7+$Q,PSDFW)DFWRULVLQFOXGHGLQWKHGHVLJQFDWHJRU\DQGDQDGGLWLRQDOLPSDFWIDFWRULV
QRWDSSOLHGWRWKHOLIWORDGIRUWKHGHVLJQRIOLIWFRPSRQHQWVZKHQGHVLJQLQJWKHVHFRPSRQHQWVDFFRUGLQJWRWKHUXOHV
SURYLGHGLQ$60(%7+
6.2. Vessel or Equipment Design 
$YHVVHOOLIWLQJDQDO\VLVLVUHTXLUHGWREHFDUULHGRXWDVWKHYHVVHOLVEHLQJOLIWHGIURPLWVKRUL]RQWDOSRVLWLRQWRLWV
YHUWLFDO SRVLWLRQ7KH DQDO\VLV LV FDUULHGRXW W\SLFDOO\ DW GHJUHH LQFUHPHQWV IRUP WKHKRUL]RQWDO WR WKHYHUWLFDO
SRVLWLRQV7KHILUVWSDUWRIWKHDQDO\VLVLVWRGHWHUPLQHWKHORDGDWWKHWRSDQGERWWRPOLIWSRLQWVEDVHGRQWKHVSHFLILF
ORFDWLRQ
)LJXUHSURYLGHVDW\SLFDOLQGLFDWLRQRIWKHYDULDWLRQRIWKHXQLWORDGRQWKHWRSOXJDQGWDLOLQJOXJDVWKHYHVVHO
LVOLIWHGIURPLWVKRUL]RQWDOWRLWVYHUWLFDOSRVLWLRQ
7KH DQDO\VHV LV LQWHQGHG WR FKHFN WKH DFFHSWDELOLW\ RI HDFK FRPSRQHQW GXULQJ WKH OLIW 6XFK FRPSRQHQWVPD\
LQFOXGHEXWDUHQRWOLPLWHGWRWKHIROORZLQJQR]]OHQHFNVYHVVHOVKHOOORFDOUHLQIRUFHPHQWZHOGHGRQVWLIIHQHUVHWF
7KHORFDODQGJURVVVWUHVVHVWHQVLOH	FRPSUHVVLYHDQGGHIRUPDWLRQVLQWKHVKHOOQR]]OHKHDGVNLUWDQGEDVHULQJ
25 L.P. Antalffy et al. /  Procedia Engineering  130 ( 2015 )  17 – 31 
PXVWDOVREHFKHFNHGIRUDFFHSWDELOLW\GXULQJWKHOLIWSURFHVV7KHPDLQSXUSRVHRIWKHFKHFNLVWRHQVXUHWKDWWKH
YHVVHOVKHOODQGVNLUWZLOOQRWGLVWRUW\LHOGRUEXFNOHIURPWKHLPSRVHGORDGVGXULQJWKHOLIW

  
 )LJ9HVVHO/LIWLQJ$QDO\VLV )LJ/RDGSHU/XJ9HUVXV$QJOH
6RPHRZQHUV UHTXLUH WKDW WKHPHPEUDQHSOXVEHQGLQJ VWUHVVHVEH OLPLWHG WR WKHPLQLPXP\LHOG VWUHVV 6\ DV
VSHFLILHGLQ6HFWLRQ,,SDUW'RIWKH$60(&RGH>@7KHVXJJHVWHGOLPLWVVKRZQEHORZIRUORFDOPHPEUDQHDQG
EHQGLQJVWUHVVDWDOXJDWWDFKPHQWDUHXVHGWRSUHYHQW\LHOGLQJDQGGLVWRUWLRQEXWDFFRXQWIRUWKHIDFWWKDWWKHDFWXDO
PDWHULDO \LHOG LV KLJKHU WKDQ WKH VSHFLILHGPLQLPXP 7KHUHIRUH D  LQFUHDVH LQPLQLPXP \LHOG VWUHVV IRU WKH
DOORZDEOH ORFDOPHPEUDQHDQGEHQGLQJVWUHVV LV VXJJHVWHG$Q\KLJK ORFDOSHDNVWUHVVHVZLOOEH UHGLVWULEXWHGDQG
ZLOOQRWFDXVHDQ\ORFDOGLVWRUWLRQ7KHORFDOPHPEUDQHVWUHVVLVOLPLWHGWRRI\LHOGKRZHYHUIRUPRVWGHVLJQV
WKHORFDOEHQGLQJLVWKHGRPLQDQWEHKDYLRUIRUOLIWLQJ7KHVHVWUHVVOLPLWVDUHDVVRFLDWHGZLWKDQDFWXDOLPSDFWIDFWRU
RIZKLFK LVEDVHGRQ WKH OLIWKLVWRULFDOGDWD LQFOXGHG LQ$60(%7+ 7KHDOORZDEOH VWUHVV OLPLWV DQG WKH
LPSDFWIDFWRUPXVWEHFRPSDWLEOHWRNHHSORFDOOLQHDUL]HGVWUHVVHVDWRUEHORZ\LHOG
5HFRPPHQGHG/LPLWDWLRQV5HODWHG7R9HVVHO'HVLJQ2QO\
/RFDORUJHQHUDOPHPEUDQHVWUHVVOLPLWHGWR[)\
/RFDORUJHQHUDOPHPEUDQHSOXVEHQGLQJVWUHVVOLPLWHGWR[)\
7KHFRPSUHVVLYHPHPEUDQHVWUHVVLVOLPLWHGWRWKH0D[LPXP/RQJLWXGLQDORU&LUFXPIHUHQWLDO&RPSUHVVLYH
6WUHVVDVGHILQHGLQ$60(6HFWLRQ9,,,>@
,PSDFWIDFWRURIUHODWHGWRGHVLJQRIYHVVHO

'XULQJDOLIWWKHUHLVDSRWHQWLDOIRUDVKRFNORDG7KLVLVW\SLFDOO\EDVHGRQWKHOLIWLQJHTXLSPHQWFKDUDFWHULVWLFV
%DVHGRQ WKHKLVWRULFDOGDWDSURYLGHG LQ$60(%7+DVXJJHVWHGYDOXHIRUDQDFWXDO OLIW LPSDFW IDFWRU LV
7KLVIDFWRUDFFRXQWVIRUDSSUR[LPDWHO\RIDOOFDWHJRU\³$´OLIWV0DQ\WLPHVDFOLHQWZLOOVSHFLI\DQ³LPSDFW´
IDFWRUIRUWKHLUHTXLSPHQW$QLPSDFWIDFWRUKDVOLWWOHPHDQLQJXQOHVVWKHDFFHSWDQFHFULWHULDDUHWLHGWRWKDWLPSDFW
IDFWRU7KHVXJJHVWHGDFFHSWDQFHFULWHULRQIRUORFDOVWUHVVHVLQWKHDFWXDOYHVVHOHTXLSPHQWLWVHOILVEDVHGRQXVLQJ
WKH  LPSDFW IDFWRU  7KLV SURYLGHV WKH QHFHVVDU\ PDUJLQ WR SUHYHQW RYHUORDG DQG WKH VWUHVV OHYHOV SUHYHQW
\LHOGLQJDQGDQ\SHUPDQHQWGLVWRUWLRQ
&RQFOXVLRQV
0DQ\IDFWRUVPXVWEHWDNHQLQWRFRQVLGHUDWLRQZKHQPDNLQJWKHVHOHFWLRQRI WKHW\SHRI OLIWDUUDQJHPHQW WREH
XVHGIRUDSDUWLFXODUYHVVHO,QWKHGHVLJQRIOLIWLQJFRPSRQHQWVIRUDSUHVVXUHYHVVHODVZHOODVRWKHUHTXLSPHQWWKH
IRUHPRVWFRQVLGHUDWLRQVKRXOGEHVDIHW\DQGWKHSURWHFWLRQRISHUVRQQHOIURPLQMXU\DQGDOOHTXLSPHQWIURPGDPDJH
GXULQJ WKH OLIW SURFHVV DQG VXEVHTXHQW RSHUDWLRQ RI WKH SUHVVXUH YHVVHO 2WKHU FORVHO\ IROORZLQJ FRQVLGHUDWLRQV
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LQFOXGHWKHOLPLWDWLRQVLPSRVHGE\WKHDYDLODEOHOLIWLQJHTXLSPHQWDQGWKHFRUUHVSRQGLQJDYDLODEOHVLWHVSDFHDVZHOO
DVWKHUHTXLVLWHDFFHVVWRWKHHUHFWLRQVLWH&DUHIXOFRQVLGHUDWLRQPXVWDOVREHJLYHQWKHHIIHFWRIZHOGHGRQOXJVRU
WUXQQLRQVZLWK UHVSHFW WR WKHVDIH UHOLDEOHDQG WURXEOH IUHHRSHUDWLRQRI WKHSUHVVXUHYHVVHORQFH LW LVHUHFWHGDQG
VXEVHTXHQWO\SODFHGLQWRVHUYLFH
$SSHQGL[$
7KHIROORZLQJLVDQH[DPSOHRIDQ)($RIDWRSQR]]OHIRUOLIWLQJORDGV7KHSXUSRVHRIWKHDQDO\VLVLVWRFKHFN
WKHWRSQR]]OHGXULQJWKHOLIWLQJSURFHVVDQGWRPLQLPL]HWKHWKLFNQHVVDQGGLDPHWHURIUHLQIRUFHPHQW
7KHIROORZLQJFULWHULDDUHLQFOXGHGLQWKLVDQDO\VLV
/LIW:HLJKW NJOE
:HLJKW)DFWRU ZHLJKHG
,PSDFW)DFWRU 
0DWHULDO<LHOG 03DNVL
'HVLJQ/LIW:HLJKW N1OEI
7KHIODQJHOXJLVQRWPRGHOHGEXWDULJLGUHVWUDLQWLVDVVXPHGDQGWKHORDGVDUHDSSOLHGDWSURSHUHOHYDWLRQEDVHG
RQWKHOXJGLPHQVLRQV7ZRORDGFDVHVKDYHEHHQHYDOXDWHG7KHILUVWORDGFDVHLVWKHIXOOKRUL]RQWDOSRVLWLRQZKLFK
UHVXOWVLQZRUVWEHQGLQJVWUHVVLQVKHOODQGWKHVHFRQGLVLQWKHYHUWLFDOSRVLWLRQZKHQWKHIODQJHOXJFDUULHVWKHIXOO
OLIWZHLJKW$16<6JHQHUDOSXUSRVHILQLWHHOHPHQWVRIWZDUHZDVXVHGIRUWKHDQDO\VLV
7KHORFDOVWUHVVHVLQWKHVKHOODUHHYDOXDWHGEDVHGRQWKHVXJJHVWHGOLPLWVSUHYLRXVO\GLVFXVVHGLQWKHSDSHU
7KHUHVXOWVDUHVKRZQLQ7DEOH7KHVWUHVVHVDW WKHMXQFWXUHDUH OLQHDUL]HGIRUFRPSDULVRQZLWKWKH<LHOG
FULWHULRQIRUPHPEUDQHVWUHVVDQGIRUFRPSDULVRQZLWK<LHOGFULWHULRQIRUWKHPHPEUDQHSOXVEHQGLQJVWUHVV$V
FDQEHVHHQWKHEHQGLQJLVGRPLQDQWLQERWKORDGFDVHV
&RQFOXVLRQ
7KHORFDOVWUHVVHVDUHDOOZLWKLQDFFHSWDEOHOLPLWV
7DEOH6XPPDU\RI5HVXOWV
/& 3RVLWLRQ /LQHDUL]HG5HVXOWV
03D
'HIO
PP
  0HP $OO 0% $OO 
 9HUW     
 +RUL]     

 
 )LJ$)($0RGHORI7RS+HDGDQG1R]]OHVROLG )LJ$7RS1R]]OHDQG/RFDO+HDG5HLQIRUFHPHQW
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 
 )LJ$'LVSODFHPHQWIRU9HUWLFDO/LIW3RVLWLRQ )LJ$9RQ0LVHV6WUHVVIRU9HUWLFDO/LIW3RVLWLRQ
 )RUUHIHUHQFHWKHPD[LPXPGLVSODFHPHQWLVPP )RUUHIHUHQFHWKHPD[LPXPYRQ0LVHVVWUHVVLV03D
 
 )LJ$'LVSODFHPHQWIRU+RUL]RQWDO/LIW3RVLWLRQ )LJ$YRQ0LVHV6WUHVVIRU+RUL]RQWDO/LIW3RVLWLRQ
 )RUUHIHUHQFHWKHPD[LPXPGLVSODFHPHQWLVPP )RUUHIHUHQFHWKHPD[LPXP9RQ0LVHVVWUHVVLV03D
$SSHQGL[%
7KHIROORZLQJLVDQH[DPSOHRIDQ)($RID7UXQQLRQXVHGIRUOLIWLQJ7KHSXUSRVHRIWKHDQDO\VLVLVWRYHULI\
WKHDFFHSWDELOLW\RIDSURSRVHGGHVLJQ7KLVSDUWLFXODUWUXQQLRQGHVLJQXWLOL]HGDSDGRQWKHVKHOODURXQGWKHWUXQQLRQ
7KHIROORZLQJFULWHULDDUHLQFOXGHGLQWKLVDQDO\VLV
/LIW:HLJKW NJIOEI
:HLJKW)DFWRU LQFOXGHGLQVSHFLILHGZHLJKW
,PSDFW)DFWRU 
0DWHULDO<LHOG 03DNVL
'HVLJQ/LIW:HLJKW NJIOEI
9HUWLFDO/RDGRQ7UXQQLRQ NJIOEI
$'VROLGPRGHOLVXVHGWRYHULI\DFFHSWDELOLW\RIWKHWUXQQLRQIRUWKHGHILQHGORDGLQJ7KHVROLGPRGHOLQFOXGHV
WKH WUXQQLRQSDG VKHOO DQG VWLIIHQHU ULQJV &RQWDFWV DUHXVHGEHWZHHQ WKHSDG DQG VKHOO WR VLPXODWH WKH FRUUHFW
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EHKDYLRU2QO\WKHYHUWLFDOOLIWLVDQDO\]HGVLQFHWKLVLVWKHFULWLFDOOLIWSRVLWLRQIRUWKHWUXQQLRQ$16<6JHQHUDO
SXUSRVHILQLWHHOHPHQWVRIWZDUHLVXVHGIRUWKHDQDO\VLV7KHSDGWRVKHOOZHOGLVFKHFNHGXVLQJFODVVLFPHWKRGV
7KHORFDOVWUHVVHVLQWKHVKHOODUHHYDOXDWHGEDVHGRQWKHVXJJHVWHGOLPLWVSUHYLRXVO\GLVFXVVHGLQWKHSDSHU
7KHUHVXOWVDUHVKRZQLQ7DEOH7KHVWUHVVHVDWWKHMXQFWXUHDUHOLQHDUL]HGIRUFRPSDULVRQZLWKWKH<LHOG
FULWHULRQIRUPHPEUDQHVWUHVVDQGZLWKWKH\LHOGFULWHULRQIRUPHPEUDQHSOXVEHQGLQJVWUHVV$VFDQEHVHHQWKH
EHQGLQJLVGRPLQDQWIRUWKLVORDGLQJ
&RQFOXVLRQ
7KHORFDOVWUHVVHVDUHDOOZLWKLQDFFHSWDEOHOLPLWV


)LJ%7\SLFDO'HWDLORI$7UXQQLRQ:HOGHGWRWKH9HVVHO6KHOO
7DEOH6XPPDU\RI5HVXOWV
/LIW/RDG -XQFWXUH $OORZDEOH 5HIHUHQFH
NJI 03D 03D )LJ%


 
 )LJ%)LQLWH(OHPHQW0RGHORI7UXQQLRQVROLG )LJ%7UXQQLRQ3DG6KHOO-XQFWXUH
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 
 )LJ%'LVSODFHG6KDSHDW7UXQQLRQ6KHOO3DG )LJ%YRQ0LVHV6WUHVV7UXQQLRQ6KHOO3DG
 )RUUHIHUHQFHWKHPD[LPXPGLVSODFHPHQWLVPP )RU5HIHUHQFHWKHPD[LPXPYRQ0LVHVVWUHVVLV03D
$SSHQGL[&
7KH IROORZLQJ LV DQ H[DPSOH RI DQ )($ RI DZHOGHG RQ OLIWLQJ OXJ XVHG WR SODFH EXULHG SLSH  7KH OXJV DUH
GHVLJQHGWRVXSSRUWPP¶RIPP´GLDPHWHUVWDQGDUGZDOOSLSH 7ZROXJVDUHXVHGZLWKD
VOLQJDQJOHQHDUR7KHSXUSRVHRIWKHDQDO\VLVLVWRYHULI\WKHDFFHSWDELOLW\RIDSURSRVHGGHVLJQ
7KHIROORZLQJFULWHULDDUHLQFOXGHGLQWKLVDQDO\VLV
/LIW:HLJKW NJIOEI
:HLJKW)DFWRU WROHUDQFHZDOOWKLFNQHVV
,PSDFW)DFWRU 
0DWHULDO<LHOG 03DNVL
'HVLJQ/LIW:HLJKW NJIOEI
/RDGRQ/XJ NJIOEI
$'VROLGPRGHOLVXVHGWRYHULI\DFFHSWDELOLW\RIWKHZHOGHGOXJVIRUWKHGHILQHGORDGLQJ$EHDPPRGHOLVXVHG
WR HYDOXDWH WKH OXJ ORDGV DV VKRZQ LQ )LJ& 7KH SODWH VKHOOPRGHO LQFOXGHV WKH OXJ DQG SLSH VKHOO2QO\ WKH
KRUL]RQWDOOLIWLVDQDO\]HG$16<6JHQHUDOSXUSRVHILQLWHHOHPHQWVRIWZDUHLVXVHGIRUWKHDQDO\VLV7KHZHOGVDUH
FKHFNHGXVLQJFODVVLFPHWKRGV
7KHORFDOVWUHVVHVLQWKHSLSHVKHOODUHHYDOXDWHGEDVHGRQWKHVXJJHVWHGOLPLWVSUHYLRXVO\GLVFXVVHGLQWKHSDSHU
7KHUHVXOWVDUHVKRZQLQ7DEOH7KHVWUHVVHVDWWKHMXQFWXUHDUHOLQHDUL]HGIRUFRPSDULVRQWRWKH<LHOGIRU
PHPEUDQH VWUHVV FULWHULRQ DQG IRU FRPSDULVRQ WR <LHOG FULWHULRQ IRU WKHPHPEUDQH SOXV EHQGLQJ VWUHVV 7KH
RYDOLW\RIWKHSLSHGXULQJOLIWFUHDWHVFRQVLGHUDEOHORFDOEHQGLQJVWUHVVHVDWWKHOXJ7KLVRYDOLW\LVQRWDFFRXQWHGIRU
XVLQJFODVVLFDOPHWKRGVWRFKHFNORFDOVWUHVVDWWKHOXJVVXFKDV:5&
&RQFOXVLRQ
7KHORFDOVWUHVVHVZKLFKDUHDERYH\LHOGIRUWKLVPDWHULDODUHYHU\LVRODWHGWRWKHWLSVRIWKHJXVVHWSODWHV7KH
RYHUDOOPHPEUDQHDQGEHQGLQJVWUHVVDUHZHOOEHORZWKH03DNVLOLPLWIRUPHPEUDQHDQGEHQGLQJ

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 )LJ&%HDP0RGHOIRU/RDGLQ:HOGHGOXJV )LJ&)($0RGHORI3LSHDQG/XJ

 )LJ&&ORVH8SRI:HOGHG/XJ )LJ&'LVSODFHPHQWV2YDOLW\RI3LSH
 )RU5HIHUHQFHWKHPD[LPXPRYDOLW\LVPP
 
 )LJ&YRQ0LVHV6WUHVVRQ2XWVLGH6XUIDFH )LJ&YRQ0LVHV6WUHVVRQ,QVLGH6XUIDFH
 )RU5HIHUHQFHWKHPD[LPXPYRQ0LVHVVWUHVVLV03D )RU5HIHUHQFHWKHPD[LPXPYRQ0LVHVVWUHVVLV03D
31 L.P. Antalffy et al. /  Procedia Engineering  130 ( 2015 )  17 – 31 
7DEOH6XPPDU\RI5HVXOWV
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